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1. Picture of the photoanodes after 8 hours sensitization 
 
 
Figure S1: Photoanodes (8 + 4) after 8 hours sensitization in a 0.1 mM solution in ethanol of ZnPc 1a, 
1b, 1c/d and ZnPc 1 mixture of regioisomers (from left to right). 
 
 
2. UV-Vis spectra after dye-desorption from the TiO2 films 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S2: UV-Visible spectra of regioisomers 1a-d and the mixture of all of them (ZnPc 1) after dye-
desorption from the TiO2 films by immersing into DMF containing tetrabutylammonium hydroxide solution. 
 
 
3. Experimental Procedure and Characterization of ZnPc 2 
 
3.1. General methods 
Matrix-assisted laser desorption/ionization time of flight (MALDI-TOF) MS and high-resolution mass 
spectrometry (HRMS) spectra were recorded with a Bruker Ultraflex III spectrometer. UV/Vis spectra 
were recorded with a Jasco V-660 instrument. NMR spectra were obtained using Bruker AV 300 
spectrometer. Melting points were measured in a Büchi B-540 apparatus. Column chromatographies 
were carried out on silica gel-60 (Merck) and RP-18 (Merck). TLC was carried out on aluminum sheets 
percolated with silica gel-60 F254 (Merck). All chemicals were purchased from Sigma-Aldrich Co and used 
without further purification. Commercial 4-nitrophthalonitrile was supplied by TCI Europe. Solvents were 
purchased from Carlo Erba Reagents and Scharlab. Anhydrous solvents were prepared using activated 
molecular sieves 4 Å Panreac. 4-iodophthalonitrile (3), methyl 3,4-dicyanobenzoate (6) and 3,5-di-tert-
butylphenylboronic acid (4) were prepared using described procedures. 
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3.2. Preparation of precursors 
 
Scheme S1: preparation of 4-(3,5-di-tert-butylphenyl)-phthalonitrile (5). 
 
A flask was charged with Pd(PPh3)4 (0.040 g, 35 µmol), Na2CO3 (0.323 g, 3.0 mmol), 4-
iodophthalonitrile (3) 1  (0.259 g, 1.0 mmol) and 3,5-di-tert-butylphenylboronic acid (4) 2  (0.298 g, 1.3 
mmol). This mixture was dissolved in 1,2-dimethoxyethane (10 ml) under argon atmosphere and was 
stirred at 90-95°C for 20 hours. The crude was poured onto an NH4Cl 1 M solution (50 ml), and extracted 
with ethyl acetate (3 x 25 ml). The organic phases were collected and washed with brine and dried over 
anhydrous MgSO4. After filtration, the solvent was removed under vacuum. The solid was purified by 
column chromatography on silica gel (eluent: heptane/ethyl acetate 5:1 mixture) and recrystallized from 
ethanol. A white solid (5) was isolated (0.11 g, 35% yield). 
 
Mp: 204 – 206 °C. 
1H NMR (300 MHz, CDCl3): δ (ppm) = 7.99 (d, J = 2.1 Hz, 1H, H-3), 7.92 (dd, J = 9.3, 1.8 Hz, 1H, H-5), 
7.85 (d, J = 8.4 Hz, 1H, H-6), 7.57 (t, J = 2.1 Hz, 1H, H-4’), 7.37 (d, J = 2.1 Hz, 2H, H-2’, H-6’), 1.39 (s, 
18H, 2 x tBu). 
13C NMR (300 MHz, CDCl3): δ (ppm) = 152.5 (C-3’, C-5’), 147,9 (C-4), 136.7 (C-1’), 133,9 (C-5), 132.4 
(C-6), 131.8 (C-3), 124.2 (C-4’), 121.7 (C-2’, C-6’), 116.5 (C-2), 115.7 (2 x CN), 113.7 (C-1), 35.2 
(C(CH3)3), 31.6 (C(CH3)3). 
HRMS (ESI): m/z (found) = 317.2027 [M+H]+, m/z (calculated) = 317.2012 [M+H]+. 
 
                                                          
1 S. M. Marcuccio, P. I. Svirskaya, S. Greenberg, A. B. P. Lever, C. C. Leznoff, K. B. Tomer, Can. J. Chem., 1985, 
63, 3057. 
2 D. P. Heller, D. R. Goldberg, H. Wu, W. D. Wulff, Can. J. Chem., 2006, 84, 1487. 
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Figure S3: 1H NMR (300 MHz) spectrum of compound 5. 
 
Figure S4: 13C NMR (300 MHz) spectrum of compound 5. 
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3.3. Macrocyclization of phthalonitriles and alkaline hydrolysis 
Scheme S2: preparation of β-carboxy-Zinc-phthalocyanine 2 
 
A 4:1 mixture of phthalonitriles 5 (0.246 g, 0.8 mmol) and 6 3 (0.038 g, 0.2 mmol), and Zn(OAc)2 (0.055 
g, 0.3 mmol) were dissolved in dimethylaminoethanol (3 ml) under argon atmosphere and heated at 150 
°C overnight. The solvent was removed at vacuum and the crude reaction triturated with MeOH/water (5:1 
mixture). The solid was purified by column chromatography on silica gel (eluent: toluene/THF 20:1 
mixture). The greenish-blue solid (7) obtained (87 mg, 35% yield) was directly subjected to the alkaline 
hydrolysis of the ester group with KOH (0.061 g, 1.1 mmol) in 4 ml of dry THF. The reaction was heated 
at 55 °C overnight. The crude was poured onto an HCl 1 M solution (30 ml), and extracted with ethyl 
acetate (3 x 25 ml). The organic phases were collected and washed with brine and dried over anhydrous 
MgSO4. After filtration, the solvent was removed under vacuum. The solid was purified by column 
reverse-phase chromatography (eluent: THF/water 3:1 mixture). A dark greenish-blue solid (ZnPc 2) was 
isolated (40 mg, 46% yield). 
 
MS (MALDI-TOF, DCTB): m/z (found) = 1198.5 [M]+, m/z (calculated) = 1198.6 [M]+ 
                                                          
3 G. Pozzi, S. Quici, M. C. Raffo, C. A. Bignozzi, S. Caramori, M. Orlandi, J. Phys. Chem. C, 2011, 115, 3777. 
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HRMS (MALDI-TOF, DCTB+PMMANa1000): m/z (found) = 1198.5475 [M]+, m/z (calculated) = 1198.5534 
[M]+. 
 
Mp> 250 °C 
1H NMR (300 MHz, THF-d8): δ (ppm) = 10.13 (s, 1H, H-1), 9.70 (br d, 3H, αPc), 9.51 (br d, 4H, αPc), 8.84 
(d, J = 8.1 Hz, 1H, H-3), 8.48 (br m, 3H, βPc), 8.01 (m, 6H, Ar), 7.68 (s, 3H, Ar). 
UV/Vis (THF): max (log ) = 682 (5.2), 616 (4.4), 360 (4.7). 
MS (MALDI-TOF, DCTB): m/z (found) = 1184.5 [M]+, m/z (calculated) = 1184.5 [M]+. 
HRMS (MALDI-TOF, DCTB+PMMANa1000): m/z (found) = 1184.5364 [M]+, m/z (calculated) = 1184.5377 
[M]+. 
 
Figure S5: 1H NMR (300 MHz) spectrum of ZnPc 2. 
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4. J-V curves for DSSCs prepared with ZnPc 2 
 
 
Figure S6: J-V curves for DSSCs based on ZnPc 2 (no CDCA). 
 
 
Figure S7: J-V curves for DSSCs based on ZnPc 2 (10mM CDCA). 
 
 
5. Solar Cell Fabrication and Characterization 
The TiO2 films composed of ca. 8 µm (transparent layer) and ca. 4 µm (scattering layer) were prepared 
by screen-printing and treated with a 0.04 M titanium tetrachloride solution for 30 minutes at 70 °C. The 
films were heated to 500 °C in air for 30 minutes before use, and then dipped in any of the 0.1 mM 
solutions in ethanol of 1a, 1b, 1c/d, ZnPc 1 and ZnPc 2 for 8 hours at room temperature. A quick rinse 
with acetonitrile was performed before fabrication of the solar cells. The dye-adsorbed TiO2 electrode and 
counter electrode (Pt) were assembled into a sealed sandwich-type cell with a gap of a hot-melt ionomer 
film, Surlyn (25 µm). The applied electrolyte was composed of 0.86 M 1,3-dimethylimidazolium iodide, 0.2 
M LiI, 0.04 M I2, 0.29 M 4-tert-butylpyridine and 0.05 M guanidine thiocyanate in acetonitrile. In order to 
reduce scattered light from the edge of the glass electrodes of the dyed TiO2 layer, a light-shading mask 
was used onto the DSSCs, so the active area of the cells was fixed to 0.16 cm2. 
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6. Structure of D35 
Figure S8 
